Background Protecting and promoting the health of obese people is an important public health concern. This study evaluated the recording of body mass index and medical diagnostic codes for obesity in obese patients in UK primary care. Conclusions Obese patients do not have BMI values recorded regularly. The mean BMI of obese patients, and the proportion gaining weight over time, is increasing. Improved strategies for monitoring and managing obesity are required.
Background
The prevalence of obesity as defined by a body mass index (BMI) 30 kg/m 21 increased rapidly in England from the start of the 1990's, with 26% of the population obese in 2010. 2, 3 If this trend continues, up to 40% of UK adults may be obese by 2050. 4 Obesity is associated with increased morbidity and mortality from a number of causes including type II diabetes, coronary heart disease and cancer, 4 -7 it places a significant burden on healthcare systems and economies worldwide. 8 The UK government responded to the substantial increase in obesity by commissioning a report that considered options for tackling the epidemic in an effective and sustainable way. The resulting Foresight report 'Tackling Obesities: Future Choices', published in 2007, advocated multi-sectoral approaches and warned that reversing the upward trend in obesity could take several decades. 4 The Foresight report recommended that strategies for the management of clinical obesity should be grounded in primary care. A national guideline on the treatment of obesity was published in 2006 to offer clinicians advice on the management of obesity. The National Institute of Health and Clinical Excellence (NICE) guideline on obesity recommends that GPs offer general advice and tailor suggestions on weight management to individuals. They also highlight long-term follow-up and continuity of care through good record-keeping as key components of successful obesity treatment.
Adequate recognition and monitoring of obesity in primary care contributes to long-term management and assessment of treatment outcomes. This is recognized by the Quality and Outcomes Framework (QOF), a system of contractual financial incentives for UK general practices, which rewards practices for providing a register of patients over the age of 16 who have a BMI of 30 kg/m 2 or greater measured in the last 15 months. 10 Evidence from the USA suggests that formal diagnosis of obesity in medical records is a strong predictor of receiving treatment for weight management. 11 Recent studies suggest that just over two-thirds of women and over half of men may have their BMI recorded in UK primary care. 12, 13 However, the prevalence of clinical obesity (BMI 30 kg/m 2 ) in medical records at 8.6% in 2010/11 is lower than expected when compared with just over a quarter of the UK population identified by national data from the Health Survey for England. 2 These results suggest that obesity is under-diagnosed in UK primary care.
The aim of this research was to evaluate the recording of BMI and medical diagnostic codes for obesity in the electronic health records of an obese population in UK primary care between 1997 and 2009. This research considers the way in which obesity was recorded in primary care over a period during which obesity prevalence was rising rapidly alongside increasing clinician awareness of the problem.
Methods

Data source and patients
A population-based cohort study was implemented in the UK General Practice Research Database (GPRD). The GPRD contains fully anonymized electronic patient records from over 600 UK general practices. The GPRD has collected data since 1987 and is used extensively in epidemiological and health services research.
14 Data in the GPRD are assigned an 'up-to-standard' date to signify the point at which information from each general practice is deemed to be research-quality. All data included in this study were up-to-standard.
Subjects were drawn from a random 55% sampling frame of GPRD practices, designed to elicit the maximum amount of data allowed under UK Medicines and Healthcare products Regulatory Agency (UKMHRA) licence. The initial sample comprised patients who contributed an obesity record between 1 January 1997 and 30 April 2007 (see Fig. 1 ). Criteria for inclusion were a BMI record .30 kg/m 2 or a READ medical diagnostic code indicating obesity. All records belonging to these subjects were supplied, but only the most up-to-date clinical records from 1 January 1997 to 31 December 2009 are presented in this paper. The READ codes used in this study are given in Table 1 and are referred to as medical codes in this paper. The start of each patient's record was at least 12 months prior to their first record of obesity. Patient start dates were the most recent of the date that the patient registered with a GPRD practice or that the practice data were defined as 'up-to-standard' for research. The end date was the earlier of the date on which the patient left the practice or died. Person time outside the age range of 18-100 years was excluded.
Obesity diagnoses and BMI records Figure 1 provides details of the selection of obesity-related medical codes and BMI records. Data on patient height, weight, BMI measurements and medical codes for obesity were extracted from the patient files. Duplicate records on the same date and biologically implausible records for height, weight and BMI were removed. Where multiple records appeared on the same day the mean value was used. When the BMI value was not recorded, values were derived from height and weight records where possible.
Data analysis
The date of first obesity record was defined for each patient. Monitoring of obesity was investigated by calculating the proportion of subjects with at least one medical code or BMI record within each calendar year. Patients who had a BMI value recorded were divided into obesity categories as suggested by the World Health Organization (WHO) 1 where a BMI of 30-34.9 kg/m 2 is obesity category I, 35-39.9 kg/m 2 category II and over 40 kg/m 2 category III. This allowed examination of obesity monitoring by severity stage. Changes in BMI were estimated for each year of the study by reporting the mean BMI and proportion of subjects for whom BMI increased or decreased by 1 kg/m 2 in each year. Denominators were mid-year counts.
Poisson regression was used to assess the changes in the rate of BMI recording in the study population over time at a patient level. Continuous variables including age and BMI were categorized for this analysis, and quintiles of IMD score were used for ease of interpretation. Person-time was used as offset and the regression model incorporated clustering to allow for differences in recording between practices.
The mean amount of time spent with a record in each category of obesity was examined from first record to end date. BMI measurements were considered to be valid for up to 15 months after the date when they were recorded in-keeping with the QOF standard. Time in which a subject had no valid records was classed as spent with 'unknown obesity status'.
Ethical approval for the study protocol was granted by the Independent Scientific Advisory Committee (ISAC) of the Medicines and UKHMRA (ISAC Protocol No. 07-054R). All analyses were conducted in the statistical package STATA 11. A total of 508 237 records pertaining to obesity were identified (see Fig. 1 
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Monitoring of obesity by BMI and medical code Table 1 shows the distribution of obesity records among 32 READ codes. Out of 40 562 occurrences of READ codes for obesity, 24 817 (61%) were recorded with a single code for obesity (C380), with 26 codes accounting for fewer than 1% of code occurrences. Table 2 shows the proportion of subjects who had a BMI value recorded in each year between 1997 and 2009. Fewer than 10% of subjects had a medical code indicating obesity recorded yearly in the electronic health record except in 2006. Between one-third and one-half of obese subjects had a BMI value recorded in a given year. Overall, more than half of obese subjects had neither a BMI value, nor a medical code, recorded in any given year except for 2006 and 2007. BMI and medical code recording peaked in both men and women in 2006. Subsequently recording fell before appearing to rise slowly again in the final three years of the study.
Change in BMI
The mean BMI of obese subjects increased over time ( 
Time spent in obese categories
Men had a mean follow-up of 6.8 years between their first record of obesity and their end-date (death or leaving the practice), while for women the length of follow-up was 7.3 years. For both men and women the longest period of follow-up after the first record of obesity was classed as 'obesity status unknown', meaning they had not had a BMI value or medical code for obesity recorded in the previous 15 months, with a mean of 3. Fewer than a third of the study subjects had an obesity medical code recorded, with a small number of codes contributing the majority of this type of record. In comparison, over 99% of patients had a BMI value, suggesting that clinicians utilize biological measurement for the monitoring of obesity over medical labelling of the condition. Poor recording of medical codes for obesity in comparison with BMI has been noted elsewhere, 11, 16 although reasons for this difference have not been explored. Factors potentially affecting poor obesity recording as a whole including inadequate infrastructure, lack of financial incentives, skills and time have been suggested.
The mean BMI increased significantly in obese men and women during the study, and the proportion of subjects gaining weight was consistently higher than the proportion losing weight. These results are consistent with national data Figures are frequencies (row %): data includes first record of obesity.
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suggesting that the prevalence and degree of obesity was increasing over this time period. More women were recorded as obese than men, and mean BMI was higher in women. An increase in BMI recording over time was identified in adjusted analyses which also identified a higher rate of recording in women 17 and in the morbidly obese 16, 18, 19 in agreement with other studies. In this study BMI recording was less frequent in smokers and people in the middle age in contrast to existing evidence. 17, 20 Patients with medical codes recorded for obesity, or who were ex-smokers, were more likely to have BMI values recorded. It has been suggested that a diagnosis of obesity by medical code may act as a 'marker' of concern for clinicians. 16 Deprivation was positively associated with BMI recording. The inverse relationship between obesity and socioeconomic status in women is well established, although no studies looking at recording were identified. 21 What is already known on this topic
In 2009/10 the QOF indicator for obesity showed that 8.45% of patients registered at UK general practices had a BMI 30 kg/m 2 recorded in the previous 15 months. 9 Comparing this to the 24% female and 22% male prevalence of obesity from the Health Survey for England in 2009 suggests that obesity is under-diagnosed in primary care. 22 The increase in obesity seen since the introduction of the QOF indicator values in 2006 is consistent with our results.
Reasons for the increase in obesity recording may include increased clinician awareness of obesity and more patient contact with primary care services. 23 GP consultation rates have increased over the period with more consultations being taken by practice nurses 23 who may be more likely to discuss obesity with patients. 12 Our finding that obesity prevalence is higher in women than in men falls in line with current evidence. 24 It is also well established that women attend their GP more frequently than men which may impact on the likelihood of their having obesity diagnosed. 23 
What this study adds
The findings of this study offer an in-depth examination of how obesity is routinely monitored using BMI measurements and medical codes in a large sample of patients who have had their condition recognized in UK primary care. The longitudinal design allowed the investigation of changes in obesity recording over a period of time during which the obesity epidemic and concern surrounding it was intensifying. Other UK studies have been cross-sectional in design and excluded recording of medical codes. 12, 13 The results show that obesity monitoring improved over the 10-year period. By 2009, the final year of the study, half of all previously diagnosed patients had their status checked. The gender differences identified in the study add to what is already known from national data about higher obesity levels in women. In particular, the higher average BMI, increased rate of BMI recording and the longer time over which women were followed-up in comparison with men. Some of the difference seen may be linked to earlier and better diagnosis of obesity in women due to increased contact with primary care services. 25 The increase in mean BMI seen despite improvements in monitoring levels suggest that better recording is not necessarily associated with more successful management of obesity.
Limitations of this study
This study had the strengths of a large, population-based cohort. The GPRD population has been shown to be representative of the UK population and GPRD diagnoses have high predictive values. 26, 27 We did not analyse any information that GPs may have recorded as free text. It is also possible that BMI values were measured but not entered into the electronic record. Some values may have been recorded in error or from self-report, although we believe this is unlikely in the clinical setting. We evaluated the data for extreme values and inconsistent records, removing 0.6% of the total records identified on this basis. In common with other studies using clinical records, there were missing and not known values for important variables such as smoking status and we did not have data on ethnicity.
Conclusions
Results from this study indicate that obesity was underdiagnosed in primary care. Even when obesity was formally diagnosed, monitoring of BMI or obesity status over time remained inconsistent despite improvements over the period 1997 -2009. The extent of under-recording of obesity was likely to have had a negative impact on weight management offered to patients. Mean BMI and the proportion of patients gaining weight increased over time.
Advice for primary care clinicians on how to record obesity in their patients remains limited. A clinical indicator for obesity in the QOF was introduced in 2006 28 lending value and importance to the recording of BMI in obese patients. However, it lacks an incentive for improvement and our results combined with the low prevalence of obesity in QOF indicate that recording is still not a priority for many primary care clinicians. Guidance for GPs on how to diagnose and monitor obesity should be made available to facilitate access to more efficient and structured management of the condition in primary care. 
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